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(57) Abstract: A lire monitor for monitoring a characteristic ot 
tires on a vehicle includes a circuit configured to receive a first 
wireless signal having tire characteristic data and a first wireless 
protocol. The circuit is further configured to receive a second 
wireless signal having lire characteristic data and a second wire- 
less protocol. The second wireless protocol is different than the 
first wireless protocol. The circuit is configured to monitor first 
tire data on the first wireless signal and second tire data on the 
second wireless signal. 
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TIRE MONITOR COMPATIBLE WITH MULTIPLE 
DATA PROTOCOLS 

BACKGROUND OF THE DISCLOSURE 

[0001] Increasing attention is being given to monitoring the pressure of tires 
on a vehicle while the vehicle is in motion. A typical wireless tire pressure 
monitoring (TPM) system includes a transmitter circuit coupled to each of a . 
plurality of tires on a vehicle. Each transmitter circuit includes a tire pressure 
sensor inserted into a tire and a radio frequency transmitter. The transmitter 
circuits sense tire pressure and generate radio frequency signals. The tire 
pressure monitor system includes a tire pressure monitor comprising a receiver 
circuit for receiving and demodulating the radio frequency signals. The receiver 
circuit monitors the signals by, for example, reading the tire pressure data, 
displaying the tire pressures of each tire, providing a warning when a tire 
pressure is outside predetermined parameters, etc. 

[0002] Recently, many companies are producing transmitter circuits for tire 
pressure monitoring systems, each with its own data protocol. Each data 
protocol includes different encoding patterns, modulation schemes, bit timing, 
etc. Therefore, an original equipment manufacturer must purchase a tire 
pressure monitor from the same company that sells the corresponding 
transmitter circuits, which is a disadvantage. Further, when replacing a tire on 
a vehicle, the tire transmitter must be matched with the receiver, requiring the 
maintenance of a large database of information regarding which transmitters 
are compatible with which tire pressure monitors for which vehicles. Since 
new tires are replaced repeatedly throughout the life of the vehicle, this 
problem is compounded. 

[0003] One prior system includes a tire air pressure monitoring and reporting 
system having a multiple frequency receiver display unit. The receiver display 
unit receives radio signals from wheel transmitters and, through the use of an 
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internally mounted conventional scanning receiver, allows for the activation of 
tire indicator lights on the front of the display unit. The indicator lights indicate 
the abnormal status of each respective tire on the motor vehicle independently. 
One drawback of this receiver display unit is that it is not configured to receive 
messages having different protocols. 

[0004] Accordingly, what is needed is an improved tire monitoring system 
and. method for. monitoring tire ch aract eristics, such_as ^tire pressure,^ 
temperature, etc. Further, what is needed is a tire monitoring system and 
method for receiving data messages having different protocols. Further still, 
what is needed is a tire pressure monitoring system and method for receiving 
and monitoring wireless radio frequency signals from a plurality of vehicle tires, 
wherein the tire pressure data is transmitted according to different wireless 
data protocols. The teachings hereinbelow extend to those embodiments 
which fall within the scope of the appended claims, regardless of whether they 
accomplish one or more of the above-mentioned needs. 

SUMMARY OF EXEMPLARY EMBODIMENTS 

[0005] According to an exemplary embodiment, a tire monitor for monitoring 
a characteristic of tires on a vehicle includes a circuit configured to receive a 
first wireless signal having tire characteristic data in a first wireless protocol. 
The circuit is further configured to receive a second wireless signal having tire 
characteristic data in a second wireless protocol. The second wireless protocol 
is different than the first wireless protocol. The circuit is further configured to 
monitor first tire data on the first wireless signal and second tire data on the 
second wireless signal. 

[0006] According to another exemplary embodiment, a tire pressure monitor 
for monitoring tire pressure on a plurality of tires on a vehicle includes a 
receiver circuit and a control circuit. Each tire includes a wireless transmitter 
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for transmitting tire pressure data wireless.y. At least one of the wireless 
transmitters utilizes a different wireless protocol than another of the wireless 
transmitters. The receiver circuit is configured to receive wireless signals from 
the plurality of tires. The control circuit is configured to receive the wireless 
signals from the receiver circuit, to identify the wireless protocols of the 
wireless signals and to monitor tire pressure data on the wireless signals. 

[0007] According to yet another exemplary embodiment, a method of 
monitoring tire characteristics for a plurality of tires on a vehicle includes 
receiving tire characteristic data messages having different protocols and 
monitoring tire characteristic data on the tire characteristic data messages. 

[0008] According to still another exemplary embodiment, a system for 
monitoring tire characteristics for a plurality of tires on. a vehicle includes 
means for receiving tire characteristic data messages having different 
protocols, and means for monitoring tire characteristic data on the tire 
characteristic data messages. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The invention will become more fully understood from the following 
detailed description, taken in conjunction with the accompanying drawings, 
wherein like reference numerals refer to like parts, and in which: 

[0010] FIG. 1 is a perspective view of a vehicle having a tire monitor 
according to an exemplary embodiment; 

[0011] FIG. 2 is a data flow diagram illustrating wireless signals having 
different wireless protocols being transmitted from different transmitters to the 
tire monitor of FIG. 1, according to an exemplary embodiment; 
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[0012] FIG. 3 is a block diagram of the tire monitor of FIG. 1, a display, an 
operator input device, a vehicle bus, and a diagnostic tool, according to an 
exemplary embodiment; 

[0013] FIG. 4 is a flowchart illustrating steps in a training procedure 
according to an exemplary embodiment; and 

[0014] FIG. 5 is a flowchart of a method of monitoring tire characteristics for 
a plurality of tires on a vehicle, according to an exemplary embodiment. 

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS 

[0015] Referring first to FIG. 1, a vehicle 10 is shown having a plurality of 
tires 12, 13, 14, 15 and a tire monitor 16. Vehicle 1 0 is an automobile in this 
exemplary embodiment, but may alternatively be a semi-truck, a construction 
vehicle, an all-terrain vehicle, a motorcycle, a trailer, or other vehicle. Vehicle 
1 0 includes four tires in this embodiment, but may alternatively include greater 
or less than four tires (e.g., two tires, five tires, eighteen tires, etc.). Tires 
1 2-1 5 are inflatable tires in this exemplary embodiment, and have various tire 
characteristics associated therewith, including tire pressures, temperatures, 
tread wear, alignment, etc. 

[0016] Each of tires 12-15 has a tire sensor 18, 19, 20, 21 associated 
therewith. In this exemplary embodiment, tire sensors 18-21 are coupled to 
tires 12-15 and rotate therewith. Tire sensors 18-21 are configured to sense 
one or more tire characteristics of their respective tires 12-1 5. Tire sensors 
18-21 may include control circuitry configured to monitor or analyze the tire 
characteristics which are sensed, or may alternatively include only sufficient 
circuitry to sense the tire characteristic or characteristics and provide them to 
output terminals 22, 23, 24, 25. In this exemplary embodiment, output 
terminals 22-25 are antennas or wires, but may alternatively be light-emitting 
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diodes, or other wireless or wired output terminals configured to pass signals 
from tire sensors 18-21 to receiver terminal 26. 

[0017] Receiver terminal 26 is a wireless receiver antenna in this exemplary 
embodiment (sometimes called a "detector"), which is configured to provide 
received signals to tire monitor 1 6. In this exemplary embodiment, one 
receiver terminal is provided. In an alternate embodiment, one receiver may be 
placed in the vicinity of each tire. Tire monitor 1 6 in the exemplary 
embodiment of FIG. 1 has one receiver terminal 26, preferably coupled to 
vehicle 10 in a location somewhat equidistant from each of the tires on vehicle 
10, or equidistant from each of the output terminals associated with the tire 
sensors of each tire on vehicle 10. Receiver terminal 26 can be coupled to a 
vehicle headliner 1 1 (as shown in FIG. 1), or can alternatively be coupled to 
another vehicle interior element (e.g., the floor, the instrument panel, etc.) or 
vehicle exterior element (e.g., the frame, the suspension, etc.) 

[0018] Referring now to FIG. 2, one advantageous aspect of this exemplary 
embodiment is illustrated with reference to the flow diagram illustrated therein. 
Tire monitor 1 6 is a universal tire monitor which is compatible with multiple tire 
transmitter types, each tire transmitter type having a data protocol unique from 
the data protocols of the other transmitter types. FIG. 2 illustrates four tire 
sensors 18-21, each including a wireless transmitter for transmitting tire 
characteristic data (e.g., tire pressure, temperature, tread thickness, high and 
low tire pressure limits, etc.) wirelessly, and each utilizing a different wireless 
protocol to transmit tire characteristic data to tire monitor 16. Alternately, two 
or more of tire sensors 18-21 may use the same wireless protocol. The term 
"protocol" is defined as including modulation type (e.g., amplitude modulation, 
frequency modulation, phase modulation, etc.) and the definitions of a digital 
signal modulated on a carrier signal, which can include bit rate (also called 
symbol rate, bit frequency, bits per second, etc), bit encoding pattern (e.g., 
Manchester, Bi-Phase Manchester, etc.), definition of bits in a word (e.g., 
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which bits are an identifier, which bits are the tire characteristic data, etc.), 
checksum algorithm, bit order (most significant bit or least significant bit 
transmitted first), synchronization bits (also called sync bits or start bits), etc. 
The term protocol, as used herein, does not refer to the carrier frequency used 
in the transmission. 

[0019] As illustrated in FIG. 2, tire sensor 18 transmits tire characteristic 
data via a first wireless protocol (identified as Protocol A), tire sensor 1 9 
transmits tire characteristic data in a second wireless protocol (identified as 
Protocol B), tire sensor 20 transmits tire characteristic data in a third wireless 
protocol (identified as Protocol C), and tire sensor 21 transmits tire 
characteristic data in a fourth wireless protocol. In an embodiment where one 
or more wired connections are utilized between tire sensors 18-21 and receive 
terminal 26, the data protocols may also be different for each of the tire 
sensors. 

[0020] Advantageously, tire monitor 1 6 is configured to receive several 
wireless signals simultaneously or in succession, where each of the signals has 
a different wireless protocol. Different wireless protocols include any two 
protocols having at least one aspect of the protocol different (e.g., sync/start 
bit pattern, checksum algorithm, modulation type, etc.). Tire monitor 16 is 
configured to monitor tire characteristic data on one or more of the wireless 
signals, for example, by reading the tire characteristic data from the wireless 
signals, by storing the tire characteristic data in a volatile or non-volatile 
memory, by recording a trend in the data, by forwarding the data to a display, 
by generating an audible or visual alarm in response to an alarm condition (e.g., 
tire pressure low), by transmitting the data over a vehicle bus, or by another 
monitoring function. In this embodiment, the wireless signals are provided in 
the radio frequency range, but may alternatively be provided in other ranges, 
such as the infrared signal range. 
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[0021] Referring now to FIG. 3, a block diagram of tire monitor 1 6 coupled 
to a display 36, an operator input device 38, a vehicle bus 40, and a diagnostic 
tool 41 is illustrated. Tire monitor 16 includes a receiver circuit 40 and a 
control circuit 42, which may comprise analog and/or digital components, and 
may be provided on a single integrated circuit (such as, an application-specific 
integrated circuit or system-on-chip), or may be provided on individual circuit 
boards, integrated circuits, or in other circuit configurations. Receiver circu.t 
40 is configured to receive wireless signals via receiver terminal 26, which ,s a 
radio frequency antenna in this embodiment. Receiver, circuit 40 can include 
the necessary filtering, amplifying, demodulating, and other circuitry sufficient 
for receiving one or more wireless signals on receiver terminal 26 either 
simultaneously or in succession. Receiver circuit 40 is further configured to 
demodulate a digital data stream comprising tire characteristic data and to 
provide the tire characteristic data to control circuit 42. 

[00221 In this exemplary embodiment, receiver circuit 40 is configured to 
receive amplitude-modulated signals at 433.92 Megahertz (MHz). In an , 
alternative embodiment, control circuit 42 can provide a control signal to 
receiver circuit 40 to control receiver circuit 40 according to a predetermined 
algorithm to receive signals at a selected carrier frequency and/or modu.at.on 
type. For example, while a typical wireless signal may be provided at 433.92 
MHz some transmitters may provide signals at 31 5 MHz, or at other 
frequencies. Further, as described hereinbefore, the different protocols of the 
different wireless signals may include different modulation schemes. Rece.ver 
circuit 40 is configured to identify the proper carrier frequency and modulafon 
scheme under the control of control circuit 42 via control input 44. Control 
circuit 42 and receive circuit 40 may utilize a voltage-controlled oscillation or 
phase-locked loop to control the selected receive frequency, or may use 
multiple receiver circuits, each tuned to a different receive frequency. 
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[0023] Control circuit 42 includes a microprocessor in this embodiment, such 
as a Microchip PIC 16 or Motorola processor, but may alternatively include a 
microcontroller, programmable logic, or other discrete analog or digital control 
circuitry. Control circuit 42 may include sufficient volatile and non-volatile 
memory to store a program therein and to store data as required to perform the 
functions set forth herein. Control circuit 42 is configured to receive tire 
characteristic data signals from receiver circuit 40 having different protocols 
and to monitor the tire characteristic data on the tire characteristic data 
signals. Control circuit 42 may further be configured to identify which tire 
characteristic data signal is associated with which of tires 12-1 5 on vehicle 10 
(FIG. 1). Various algorithms now known or later developed may be 
implemented to perform the function of associating tire characteristic data 
signals with their respective tire locations on the vehicle {e.g., left front, right 
front, left rear, right rear, etc.). 

[0024] Control circuit 42 may be configured to provide tire characteristic 
data to display 36. Display 36 may be mounted in the vehicle interior, such as 
in a headliner or instrument panel, and may include a liquid crystal display, a 
light-emitting diode display, or another display type. Under the control of 
control circuit 42, display 36 provides tire characteristic data to an operator of 
the vehicle for one or more of tires 12, 14, and may further provide alarms, 
either visual or audible, to the operator based on the tire characteristic data 
exceeding predetermined thresholds. For example, control circuit may be 
configured to provide a textual or graphical display indicating the tire location 
and pressure (e.g., "LF 30", "RF 28", etc.) and/or an indication that tire 
pressure is too low or too high (e.g., "LF LO", "RF HI", etc.). 

[0025] Control circuit 42 can be coupled to a vehicle bus 40 and/or a 
diagnostic tool 41 . Vehicle data and tire characteristic can be communicated 
between control circuit 42 and vehicle bus 40, between diagnostic tool 41 and 
vehicle bus 40, and/or between diagnostic tool 4.1 and control circuit 40. 
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[0026] Control circuit 42 may further receive operator input signals from 
operator input device 38, which may include a button, a voice recognition 
device, or another input device. In one embodiment, operator input device 38 
may be used to select different tire characteristic data to be provided on 
display 38. In another embodiment, operator input device 38 may be used to 
enter a training mode during which control circuit 42 is trained to identify one 
or more wireless transmitters having different wireless protocols. 

[0027] Referring now to FIG. 4, a training method for training tire monitor 1 6 
to identify a tire identification (tire 10) and corresponding message protocol is 
disclosed. The training method begins at step 50 where it is determined 
whether the training procedure is to be initiated. The training method can be 
initiated by a manual operation (e.g., button press or signal received from 
diagnostic tool 41), an automatic operation (e.g., ignition ON, vehicle idle for 
more than a predetermined time period, no tire message received in a 
predetermined time period, or in response to other vehicle conditions). If the 
training sequence is initiated, the method proceeds to step 52 at which tire { 
monitor 1 6 resolves or identifies the carrier frequency and modulation type of 
the wireless signal. If tire monitor 16 is configured to receive only one carrier 
frequency and modulation type, step 52 can be eliminated. 

[0028] At step 54, the digital data stream in the received wireless signal is 
demodulated from the carrier frequency. At step 56, the protocol of the 
wireless signal is identified by reading a bit pattern (e.g., the start/sync bit 
pattern) that uniquely identifies the protocol. The bit pattern is then compared 
to one or more pre-stored or predetermined protocols to identify the protocol of 
the wireless signal. The pre-stored or predetermined protocols include 
sufficient data about the protocol to enable tire monitor 16 to read data from 
the wireless signal sent according to the protocol. 
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[0029] At step 58, if the transmitter protocol is not recognized (i.e., the bit 
pattern does not uniquely identify the protocol), tire monitor 16 will not be 
trained to monitor the wireless message. If the transmitter protocol is 
recognized, the tire data in the data stream is read at step 60. The tire data 
can include tire characteristic data and tire ID. At step 62, the transmitter 
protocol type is stored. The corresponding tire ID can also be stored. 
Advantageously, this training method enables tire monitor 1 6 to identify which 
protocols are used by the tires on the vehicle. This information can be used to 
assist tire monitor 1 6 in identifying the protocols of subsequently received 
wireless messages. 

[0030] At step 64, tire characteristic data is monitored so that the most 
recent data about the tire can be provided to the vehicle operator. 

[0031] According to one alternative embodiment, certain aspects of the 
wireless protocol can be input using operator input device 38 or diagnostic tool 
41, to provide the necessary training. For example, additional protocols can be 
pre-stored in tire monitor 16, and the protocols of the existing transmitters on 
the vehicle can be input to tire monitor 16 to avoid the need for the training 
steps of the method of FIG. 4. 

[0032] Referring now to FIG. 5, a method of monitoring tire characteristic 
data for a plurality of tires on a vehicle is disclosed. 

[0033] During an operation phase, at step 70, if a signal is received, tire 
monitor 16 identifies the carrier frequency and modulation type at step 72, in a 
similar manner to step 52. At step 74, the data stream is demodulated from 
the wireless signal, in a manner similar to step 54. 

[0034] At step 76, tire monitor 16 uses the data learned during the training 
sequence to identify whether all tires on the vehicle are using the same 
transmitter protocol. If all tires are using the same transmitter protocol, tire 
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monitor 1 6 proceeds to read the data from the data stream at step 80, in a 
manner similar to step 58 in the method of FIG. 4. If all tires are not using the 
same protocol, the method proceeds to step 78 to identify the transmitter 
protocol. At step 78, the protocol of the wireless signal is identified by 
comparing a bit pattern from the data stream to bit patterns of protocols which 
tire monitor 1 6 knows are associated with tires on the vehicle. Notably, at 
step 78, tire monitor 16 need not compare the bit pattern to all pre-stored or 
predetermined protocols, but rather can compare the bit pattern to a subset of 
the protocols including protocols that have been identified as being associated 
with the vehicle during training. 

[0035] At step 80, if the transmitter protocol is recognized, the method 
proceeds to step 82 to read the data in the data stream in a manner similar to 
step 60 in FIG. 4. The method then proceeds to step 84 to monitor the tire 
characteristic data in a manner similar to step 64 in FIG. 4. 

[0036] If the transmitter protocol is not recognized at step 80, this event 
may be an automatic triggering event to initiate a training sequence at step 50 
in FIG. 4 so that tire monitor 1 6 can learn that a new tire is present. .„ 

[0037] Having thus described a specific embodiment of a training method in 
FIG. 4 and a monitoring method in FIG. 5, it will be understood by those of 
ordinary skill in the art that various modifications to these methods can be 
made. For example, a sleep mode may be utilized to conserve power. 
According to another alternative, at steps 56 and 78, any portion of the data 
stream may be used for comparison to pre-stored protocols. According to 
another alternative, the training method of FIG. 4 can be eliminated completely 
and tire monitor 1 6 can compare each new incoming wireless signal to all 
available pre-stored protocols. According to a further alternative, at step 62, 
the position or location of the tire on the vehicle (e.g., left front, right front,) 
may also be stored along with the tire I.D, and the protocol type. 



WO 03/016079 PCT/US02/25920 

12 

[0038] An exemplary embodiment has been disclosed which allows a single 
tire monitor to receive tire characteristic data from tire sensors using different 
protocols and which may be manufactured by different manufacturers. 
Advantageously, a vehicle manufacturer may choose to mix and match tire 
sensors from different manufacturers on a vehicle to be manufactured and use 
the tire monitor disclosed herein to receive signals from all of the different 
sensors used. As a further advantage, since vehicle tires are frequently 
replaced during the life ofTvehicle; the vehicle owner how may select from a 
number of different tire types having different transmitter types without 
interfering with the smooth operation of tire monitoring provided by the tire 
monitor disclosed herein. 

[0039] While the exemplary embodiments illustrated in the FIGS, and 
described above are presently preferred, it should be understood that these 
embodiments are offered by way of example only. For example, various 
training and operation methods are contemplated including greater or less than 
the steps illustrated in the exemplary embodiments of FIGS. 4 and 5. 
Accordingly, the present invention is not limited to a particular embodiment, 
but extends to various modifications that nevertheless fall within the scope of 
the appended claims. 
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WHAT IS CLAIMED IS: 

1 A tire monitor for monitoring a characteristic of tires on a vehicle, 
comprising a circuit configured to receive a first wireless signal having tire 
characteristic data in a first wireless protocol and a second wireless signal 
having tire characteristic data in a second wireless protocol, wherein the 
second wireless protocol is different than the first wireless protocol, the circuit 
configured to monitor first tire data on the first wireless signal and second tire 
data on the second wireless signal. 

2. The tire monitor of claim 1 , wherein the circuit includes a control 
circuit coupled to a receiver circuit, the receiver circuit configured to receive 
the first and second wireless signals and to provide the signals to the control 
circuit, the control circuit configured to monitor the first and second tire data. 

3. The tire monitor of claim 2, wherein the first wireless protocol 
includes amplitude modulation and the second wireless protocol includes 
frequency modulation. 

4. The tire monitor of claim 1 , wherein the first and second wireless 
signals have frequencies in the radio frequency range. 

5. The tire monitor of claim 2, wherein the first wireless protocol has 
a first encoding pattern and the second wireless protocol has a second 
encoding pattern. 

6. The tire monitor of claim 1 , wherein the first wireless protocol has 
a first bit length and the second wireless protocol has a second bit length. 

7. The tire monitor of claim 1 , wherein the tire characteristic is 
pressure and the first and second wireless signals include tire pressure data for 
first and second tires, respectively. 
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8. The tire monitor of claim 1 , wherein the circuit is further 
configured to enter a training mode in which the circuit is configured to identify 
at least one of the first and second wireless protocols as a pre-stored protocol. 
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9. A tire pressure monitor for monitoring tire pressure on a plurality 
of tires on a vehicle, each tire including a wireless transmitter for transmitting 
tire pressure data wirelessly, wherein at least one of the wireless transmitters 
utilizes a different wireless protocol than another of the wireless transmitters, 
comprising: 

a receiver circuit configured to receive wireless signals from the 

plurality of tires; and 

a control circuit configured to receive the wireless signals from 
the receiver circuit, to identify the wireless protocols of the wireless signals 
and to monitor tire pressure data on the wireless signals. 

10. The tire pressure monitor of claim 9, wherein the receiver circuit is 
tuned to a single radio frequency. 

1 1 . The tire pressure monitor of claim 9, wherein the control circuit is 
configured to store a plurality of predetermined protocols and to identify the 
wireless protocols of the wireless signals by comparing the wireless signals to 
the predetermined protocols. 

12. The tire pressure monitor of claim 9, wherein the receiver and 
control circuit are disposed on a single integrated circuit. 

13. The tire pressure monitor of claim 9, wherein the control circuit is 
configured to generate display signals based on the monitored tire pressure 
data for display to a vehicle operator. 

14. The tire pressure monitor of claim 9, wherein the control circuit is 
configured to provide an alarm indicator to the operator when the tire pressure 
for a tire crosses a predetermined threshold. 
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15. A method of monitoring tire characteristics for a plurality of tires 
on a vehicle, comprising the steps of: 

receiving tire characteristic data signals having different protocols; 

and 

monitoring tire characteristic data on the tire characteristic data 

signals. 

1 6. The method of claim 15, wherein the different protocols include 
different modulation schemes. 

<I7 The method of claim 15, wherein the different protocols include 
different encoding patterns. 

18. The method of claim 15, wherein the different protocols include 
different wake-up schemes. 

19. The method of claim 15, wherein the step of receiving includes 
demodulating a tire characteristic data signal from a carrier frequency. 

20. The method of claim 15, wherein the step of monitoring includes 
reading tire characteristic data from the tire characteristic data signals. 

21 . The method of claim 20, further comprising displaying the tire 
characteristic data for the vehicle operator. 

22. The method of claim 1 5, wherein the tire characteristic data is tire 
pressure data. 

23. The method of claim 1 5, wherein the tire characteristic data 
signals are wireless data signals. 

24. The method of claim 23, wherein the tire characteristic data 
signals are in the radio frequency range. 
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25. The method of claim 1 5, further comprising training a tire monitor 
to receive the tire characteristic data having different protocols. 

26. A system for monitoring tire characteristics for a plurality of tires 

on a vehicle, comprising: 

means for receiving tire characteristic data signals having different 

protocols; and 

means for monitoring tire characteristic data on the tire 

characteristic data signals. 

27. The system of claim 26, wherein the different protocols include 
different modulation schemes. 

28; The system of claim 26, wherein the different protocols include 
different encoding patterns. 

29. The system of claim 26, wherein the different protocols include 
different wake-up schemes. 

30. The system of claim 26, wherein the means for receiving includes 
means for demodulating a tire characteristic data signal from a carrier 
frequency. 

31 . The system of^claim 26, wherein the means for monitoring 
includes means for reading tire characteristic data from the tire characteristic 
data messages. 

32. The system of claim 26, further comprising means for training the 
system to identify the different protocols of the tire characteristics data 
signals. 



WO 03/016079 



1/5 



PCT/US02/25920 




SUBSTITUTE SHEET (RULE 26) 



WO 03/016079 



2/5 



PCT/US02/25920 




SUBSTITUTE SHEET (RULE 26) 



WO 03/016079 



PCT/US02/25920 



3/5 



CNJ 



o 




or 


=D 




O 




en 


CO 


o 



o 







> 
LU 


CUI 






UJ 


o 




. LU 












> 






cj5 



SUBSTITUTE SHEET (RULE 26) 



4/5 



PCT/US02/25920 



( START ) 




52 



FIND CARRIER FREQUENCY \J 
AND MODULATION TYPE 



DEMODULATE DATA STREAM 



54 



IDENTIFY TRANSMITTER PROTOCOL 



56 



is 

TRANSMITTER 
PROTOCOL 
RECOGNIZED 

YES 



58 



READ DATA IN 
DATA STREAM 



STORE TRANSMITTER 
PROTOCOL TYPE AND ID 



MONITOR TIRE 
CHARACTERISTIC DATA 



I 



60 

V 



62 



64 



(""return 3 

SUBSTITUTE SHEET (RULE 26) 



FIG. 4 



WO 03/016079 



5/5 



PCT/US02/25920 



( START ^ 




FIND CARRIER FREQUENCY 
AND MODULATION TYPE 



I 



DEMODULATE DATA STREAM 



72 



74 



ALL 

"TIRES TRAINED 
TO SAME PROTOCOL 
? 



76 



YES 



NO 



IDENTIFY TRANSMITTER PROTOCOL 




C RETURN y 



READ DATA IN 
DATA STREAM 



I 



MONITOR TIRE 
CHARACTERISTIC DATA 



78 



FIG. 5 



82 



84 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



Intel >nal Application No 

PCT/US 02/25920 



A CLASSIFICATION OF SUBJECT MATTER 

IPC 7 B60C23/04 



According to International Patent Classifica tion (IPC) or lo bolh national classification and IPC 

B. FIELDS SEARCHED — 

Minimum documentation searched (classilic ation system followed by aass...c a ..on symbols) 

IPC 7 B60C 



Documentation searched other than minimum 



documentation to the extent that such documents are included in me fields searched 



E.ectronic data base consutted during the internationa l search (name o, data base and. where pracai, search lerms used) 

EPO-Internal , PAJ 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • 



Citation 



ion ol document, with indication, where appropriate, of the relevant passages 



DE 197 20 123 A (D0DUC0 GMBH) 

23 July 1998 (1998-07-23) 

column 2, line 46 -column 4, line 6; 

figures 1,2 



□ 



Further documents are listed in the continuation of box C. 



■ Special categories of cited documents : 



•A' document defining the general state of the art which is not 

considered to be of particular relevance 
•E' earlier document but published on or after the international 

filing date 

■L" document which may throw doubts on priority claim(s) | or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

•O- document referring to an oral disclosure, use, exhibition or 
other means 

•P« document published prior to the international filing date but 
later than the priority date claimed 



Date of the actual completion of the international search 



22 October 2G02 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 



Foim PCT/ISA/210 (second sheet) (July 1992) 



Relevant to claim No. 



1,9,15, 
26 



Patent family members are listed in annex. 



■T' later document published after the international rihng date 
or priority date and not in conflict with the applicat on but 
dted Understand the principle or theory underlying the 
invention 

•X- document of particular relevance; the claimed ipvention 
cannot be considered novel or cannot be considered to 
{rfvolve an inventive step when the document is taken atone 
•Y" document of particular relevance; the claimed invention 

Snntf be > considered to involve an inventive stepwhen the 
document is combined with one or more other ^ such docu- 
ments, such combination being obvious to a person skilled 
in the art- 
'S' document member of the same patent family 



Date of mailing of the international search report 

06/11/2002 



Authorized officer 



Smeyers, H 



INTERNATIONAL SEARCH REPORT 

information on patent family members 



inte _ onal Application No 

PCT/US 02/25920 



Patent document 
cited in search report 



Publication 
date 



Patent family 
members) 



Publication 
date 



DE 19720123 



23-07-1998 



DE 
WO 



19720123 Al 
9831901 Al 



23-07-1998 
23-07-1998 



Form PCT/ISA/210 (patent lamiry annex) (July 1992) 



